The water-softening property of soft rocks is a key problem in geotechnical engineering. A typical red-bed soft rock (the Zigong argillaceous siltstones) with different weathering degree is selected as an example to study the water-softening property and the influence of degree of weathering. A series of mechanical and microstructure tests are carried out to analyze the weathering characteristics and mechanism of the Zigong argillaceous siltstones. The results of mechanical experiments reveal that the water content and the weathering degree of rock specimens both have a weakening effect on the compressive and shear strengths. According to the results of present microstructure tests, the mechanical properties of the Zigong argillaceous siltstones are closely correlated with their physical properties, including internal microstructure and material composition for highly weathered rocks or moderately weathered rocks (in both natural and saturation conditions). Finally, experimental results indicate that the changes of microstructure and internal materials are two main factors that influence rock strength parameters after contacting with water and that these properties reflect the rock weathering degree. In a word, when red-bed soft rocks are encountered in geotechnical engineering, special attention should be paid to presence of water.
Introduction
There are many types of red-bed soft rocks such as red siltstone and red mudstone, which are widely distributed at the Sichuan basin, the Shanganning basin, the Yunnan plateau, and other places in China [1] . The Sichuan Province belongs to typical inland basin known as "Red Basin," and the elevations of the inland basin are about 200 m to 750 m with hilly regions as the main geomorphic units. It is generally believed that the iron element in rocks is oxidized to trivalent iron due to the strong oxidation, which is the reason of forming the red appearance [2, 3] . Among these areas, the basis formation condition of red-bed rocks is the proper geomorphological environment with dry and hot paleoclimate, weathering conditions, and rich sediments source from mountains. The different forming conditions, tectonic activity, and climate lead to the differences of the red-bed rocks in colors, microstructure, mineral composition, weathering degree, and others [3] . The widely distributed red-bed rocks have special mechanical properties (especially for the soft rocks) and are often encountered during the construction process of civil engineering. However, the red-bed soft rocks are mostly exposed below the ground surface and are sensitive to the water; therefore the water-softening and weathering are two main problems for the red-bed soft rocks.
In geotechnical engineering, the water-softening effect on mechanical properties of the soft rock is one of the important theoretical and practical problems. Among Southwest China, most red beds belong to soft rocks' category because its physical and mechanical properties are very poor relatively [1, 2, 4] . Such rocks have lower strength (saturated uniaxial compressive strength of rock mass less than 30 MPa), larger porosity, and poorer cementation degree than hard rocks [4] . The lithologies of red beds are mainly sandstone, siltstone, silty mudstone, argillaceous siltstone, shale, or claystone. When they encounter water, the red beds commonly develop many engineering problems such as erosion, seepage, and softening [2, 3, 5] . With the development of engineering construction in the red-bed areas, more researchers begin to pay more attention to the physical and mechanical properties of soft rocks [2, [5] [6] [7] [8] [9] [10] . For example, Arnould (2006) analyzed the reasons of mudstone easily disintegrating from the perspective of mudstone internal mineral composition and microstructure [6] . Chen et al. (2014) studied a shallow progressive landslide developed in loose deposits of red beds by analyzing mechanical properties of the main slip zone and its microstructure using polarising microscopy (PM) and scanning electron microscope (SEM) techniques [2] . In order to study the features of rock-water interaction of natural soft rock, Guo et al. (2015) analyzed the hydrophilic characteristics at high stress state combining X-ray diffraction and mercury injection tests [7] . Previous studies have revealed that water is the most notable factor lowering rock strength, but few works focused on the relationship of the water-softening properties with the microscopic softening mechanism, which can be analyzed based on its microstructure change law for rock mass with different degree of weathering. This paper treated the Zigong argillaceous siltstone as a special example of red-bed soft rock, which is a common soft rock encountered in geotechnical engineering. A series of mechanical and microstructure tests were carried out to study the water-softening properties of the Zigong argillaceous siltstone under different degree of weathering, some useful conclusions are presented in this paper.
Material and Methods

Material.
The argillaceous siltstone is selected from the Zhonghuacun reservoir (E104 ∘ 32 56 , N29 ∘ 15 8 ), locating at Zhonghuacun, Gongjing District, Zigong City, Sichuan Province, China (as shown in Figure 1 ). The Zhonghuacun dam site lies about 25 km from the Zigong City. The reservoir is a small water project offering emergency backup water source of Gongjing District, Zigong City. The irrigation area of the reservoir is 6.986 × 10 6 m 2 . By some test pits and vertical boreholes, horizontal geological tunnels for geological survey works, the Zigong argillaceous siltstone was collected in different drilling depths. According to drilling results, the drilling depths of the highly and moderately weathered argillaceous siltstones are about 5-13 m and 15-25 m as shown in Figures 2(b) and 2(c), respectively. The digenesis of natural argillaceous siltstones is poor, so it is easy to cause weathering fissures for depositional interface. When water enters its internal pores, the rock can produce inflation and softening phenomenon easily.
Furthermore, the physical and mechanical properties of rock mass often depend on its material compositions. Test results indicate that the elemental composition of the highly and moderately weathered Zigong argillaceous siltstones contain a lot of soluble salts, and there are many soluble cements with chemically active elements such as K, Na, and Fe (as shown in Figure 3 ). The argillaceous siltstones mainly consist of the ten elements such as O, Si, C, Ca, Al, Fe, K, Mg, Na, and Ti. For the moderately weathered rock, the content of four elements O, Si, C, and Ca reaches 89.22% and the minimum content is 3.25% for the four elements K, Mg, Na, and Ti (Figure 3(a) ). For the highly weathered rock, the content of three elements O, Al, and Fe increases to 64.52% from 55.26%, while the content of two elements C and Ca decreased significantly to 7.43% from 16.92% because of the destruction of some carbon skeletons and decomposition of calcium carbonate (Figure 3(b) ). Elemental compositions results show that the elemental composition changes with the degree of weathering significantly.
When the argillaceous siltstones encounter water, these soluble cements are easy to react with water that will lead to lost connectivity between rock particles. After some materials dissolve in the water, rock pore solution is easy to cause the interaction with its internal clay minerals again. That means the water can cause great effect on the physical and mechanical properties of the Zigong argillaceous siltstone. Below, we Advances in Materials Science and Engineering used different mechanical experiments and microtechniques to study the strength characteristics of the argillaceous siltstone with different moisture content and degree of weathering.
Laboratory Experiments.
In general, rock strength parameters often show a decreasing trend as water content increases. The accurate estimation of rock strength parameters is of great importance in many engineering practices, especially for the stability assessment of dam foundations and soft rock roadways [8, 9, 11] . The microstructure and material composition of rock mass can reflect rock physical and mechanical properties. Therefore, it is meaningful to analyze the change of its internal structure and composition with different moisture content and degree of weathering. Here, the Zigong argillaceous siltstone was selected for sampling. These samples of the argillaceous siltstone were separated into four typical groups, which were natural highly weathered, saturated highly weathered, natural moderately weathered, and saturated moderately weathered. The moderately weathered siltstone appears mauve, and the rock mass contains some joints and cracks, resulting in its low strength. As for the highly weathered siltstone, it is deep purple with lower strength, and some parts can be crushed in hand.
Parts of rock samples with different degree of weathering were immersed into water fully for 48 h to ensure those samples to absorb as much water as possible which can be regarded as saturation state in the present study. As shown in Figure 4 , the average density of the natural highly weathered rock samples is lower than the natural moderately weathered rock from 1.98 g/m 3 to 2.38 g/m 3 , and the average density increases about 5% from natural condition to saturated condition.
Aimed to study the water-softening for mechanical properties of the Zigong argillaceous siltstones under different degree of weathering, this paper selected three types of mechanical tests: uniaxial compression test, triaxial compression test, and direct shear test. In addition, the differences of internal microstructural characteristics and material composition were also analyzed using scanning electron microscope (SEM) and energy dispersive X-ray microanalysis (EDXMA).
Mechanical Tests.
In order to study the strength parameters of the above four typical Zigong argillaceous siltstones, two kinds of standard cylindrical samples dimensions (50 mm in diameter and 100 mm in length and 50 mm in diameter and 50 mm in length) were cut and weighted (as shown in Figure 5 (a)). These specimens were separated into two typical groups ( Figure 5 (b)), the samples of dimensions (50 mm in diameter and 100 mm in length) were tested to measure their uniaxial and triaxial compressive strengths using MTS 815 rock mechanics test systems, and the samples of dimensions (50 mm in diameter and 50 mm in length) were tested to measure shear strength using a direct shear testing machine. MTS 815 rock mechanics test systems can test many types of samples from soft sandstone to high-strength brittle rock using a three-axis stabilized pressure system and control system ( Figure 5 (c)). These systems combine versatile servohydraulic load frames with precise digital controls, flexible software, and specialized accessories for uniaxial and triaxial compressive tests. The direct shear testing machine includes a loading frame, a shear box, two oil pressure power supplies, a control system, a data acquisition, and display system (as shown in Figure 5 (d)). The maximum normal force of the shear testing system is 500 kN, and the maximum tangential force is 300 kN. The testing time and the testing load (including the normal and tangential forces) of each specimen can be recorded directly during the testing process. According to the requirements of international rock mechanics regulations [8, [12] [13] [14] , rock samples of the above four typical groups were chosen to measure their uniaxial compressive strength and stress-strain curve by controlling displacement speed as 0.1 mm/min. To gain the triaxial strength of natural argillaceous siltstone, four confining pressures were applied: 0 MPa, 1.0 MPa, 2.0 MPa, and 3 MPa. The deviator stress 1 -3 was obtained from the ratio of the applied axial load after the designated hydrostatic confining pressure was reached for the cross-sectional area of these specimens. The maximum principal stress 1 can also be calculated by the summation of the deviator stress 1 -3 and the confining stress 3 .
For direct shear test, 20 rock samples (the test sample is a cylinder with diameter 50 mm and height of 50 mm) were performed to determine the shear strength of the Zigong argillaceous siltstones with different moisture content and degree of weathering.
Microstructure and Material Composition Tests.
According to the surface morphology and material composition of rock samples, scanning electron microscope tests were carried out by JSM-7500 housed in the Analytical & Testing Center Sichuan University (Chengdu), China, which can analyze material micromorphology including surface morphology, fracture morphology, and phase structure analysis. Here, the microscopic images were collected from fracture surfaces of the soft rock samples. By scanning electron microscope, the microstructural differences of rock samples were determined. Finally, combined with the results of the above three mechanical tests, rocks' surface microstructure can be used to explain the water-softening mechanism of the Zigong argillaceous siltstone.
The physical and mechanical properties of rock mass depend largely on its material composition; especially when encountering water, some minerals can be easy to react with water which can change rock microstructure and decrease rock strength. For the red-bed soft rocks of Sichuan basin, quartz, calcite, and clay minerals are the major components, and the minor ingredients are feldspar, mica, gypsum, and others, where various specific minerals are composed of a series of oxides in rocks. has great influence on the color of red-bed soft rocks. Potassium and sodium oxide (K 2 O and Na 2 O) are absorbed by clay minerals in the form of potassium and sodium ions, respectively, which are the components of hydromica and clay-mica. Therefore, the paper analyzed the difference of the oxides' composition for the Zigong argillaceous siltstone with different degree of weathering by scanning material surface using energy dispersive X-ray microanalysis (EDXMA).
Results
Rock strength parameters are very important for engineering design, such as rock slopes and roadways, which often decrease with the increase of moisture content and degree of weathering [2, 11, 15, 16] . In general, rock strength shows a decreasing trend with the increase of water content [10, 13, 17, 18] , mainly due to water adsorption and subsequent expansion, which can cause failure and collapse for rock mass ultimately.
Evolution of Compressive Strength.
Compressive strength is the most widely used parameter in the rock engineering [13, 16] . In general, the greater water content often means the lower compressive strength of rock mass. The above four typical specimens were tested to determine the uniaxial compressive strength based on the requirements of international rock mechanics regulations. The test results reveal clearly that water can significantly affect rock compressive strength, and the softening coefficients are 0.46 and 0.58 for the moderately and highly weathered Zigong argillaceous siltstones, respectively ( Table 1) . As shown in Table 1 , the average uniaxial compressive strength (UCS) of moderately weathered rock (20.46 MPa) is larger than the highly weathered rock (6.87 MPa) under natural condition, and the corresponding softening degree is smaller.
Test results can reveal that the Zigong argillaceous siltstone is much sensitive to water. Figure 6(a) shows the stressstrain curves of the highly and moderately weathered Zigong argillaceous siltstones during uniaxial compression tests. As shown in Figure 6 (a), the axial strain of the highly weathered rock is greater than the moderately weathered with the rising of the axial stress. According to the failure phenomena of rock samples (Figure 6(b) ), the splitting failure occurred in rock samples of the argillaceous siltstones, and the deformation 6 Advances in Materials Science and Engineering is more obvious with the increasing degree of weathering ( Figure 6(a) ). The highly and moderately weathered rocks showed some characteristics of plastic and soft rock deformation. With the increase of axial stress, axial strain of the two group rocks increased gradually. Comparing the two deformation curves (as shown in Figure 6(a) ), the average elastic modulus of the highly weathered rock sample is far lower than the moderately weathered rock sample, which proves that the degree of weathering has great influence on their deformation properties. By comparing the compressive strength and deformation characteristics, the moisture content and degree of weathering also have great effect on the Zigong argillaceous siltstones; that is to say, the increase with moisture content and degree of weathering of the argillaceous siltstone leads to its compressive strength reduction.
Shear Strength Parameters.
MTS 815 rock mechanics test systems are available to support triaxial testing, including compression, creep, extension, and deformational stress pathways. The paper only chose one group totally 4 cylindrical samples of dimensions 50 mm × 50 mm of the natural highly weathered argillaceous siltstone. For the triaxial compressive test, four confining pressures were applied, and the confining pressure 3 was 0 MPa, 1.0 MPa, 2.0 MPa, and 3.0 MPa. In the present study, the deviator stress 1 -3 can be obtained from the ratio of the applied axial load after the designated hydrostatic confining pressure is reached to the cross-sectional area. The peak compressive strength 1 can be obtained by the summation of the deviator stress 1 -3 and the confining pressure 3 . According to Mohr-Coulomb criterion [19] , the cohesion ( ) and the internal friction angle ( ) can be calculated based on the geometric relationship of the confining pressure 3 and the peak compressive strength 1 (Figure 7(a) ). The test results are that the cohesion is equal to 1.604 MPa and the internal friction angle is 38.06 ∘ , and rock samples showed typical shear failure characteristics as shown in Figure 7(b) .
For the direct shear test, the above four typical specimens were tested using five different normal pressures. The axial forces were 0.2 kN, 0.5 kN, 0.8 kN, 1.1 kN, and 1.5 kN for the saturated highly weathered argillaceous siltstone because its strength is very low; for the other three groups, the axial forces were 0.5 kN, 1.0 kN, 1.5 kN, and 2.0 kN, respectively. The relationship between normal stresses and shear stresses can be drawn in a figure and used to determine the shear strength parameters of rock. Figure 8 shows the direct shear test results of the Zigong argillaceous siltstone under different conditions.
The criteria values of rock physics index can be considered same as the rock mass, but rock shear strength parameters must be reduced as shear strength of rock mass [ 12, 20, 21] : reducing the rock internal friction angle to 80-95 percent based on the rock mass integrity and reducing the rock cohesion to 20-30 percent. According to Figure 8 and the above principles, the shear strength parameters were calculated including the cohesion ( ) and the internal friction angle ( ) (Table 2) . For the natural Zigong argillaceous siltstone, the cohesion of the highly weathered rock was significantly lower than the moderately weathered rock decreasing from 1.447 MPa to 0.335 MPa and the internal friction angle lower by about 22% from 48.30 ∘ to 37.55 ∘ . After contacting with water, the shear strength reduces significantly such that the cohesion decreases about 80% for the highly and moderately weathered rocks. As shown in Table 2 , the cohesion of the red-bed soft rock is more sensitive encountering water than the internal friction angle. Above all, the shear strength reduces significantly which proves water can soften the red-bed soft rock obviously. According to the test results, the shear strength of the Zigong argillaceous siltstone is also sensitive to water, perhaps because water can decrease frictional shearing resistance or change the characteristics of clay mineral constituents of the red-bed soft rock. 
Discussions
Water-rock interaction is one of the frontier topics in geotechnical engineering. Under certain seepage pressure and hydrodynamic condition, rock can produce the physicochemical action and mechanical process, which are the basic reasons of engineering rock deformation and failure occurring [5, 10-16, 18, 22, 23] . Especially for some soft rocks, where intact, they have good mechanical properties under natural conditions, and yet, there will be the rapid expansion, disintegration, and softening in water saturation, which results in significant reductions of the mechanical properties of the rock.
Effect of Water on the Mechanical Properties of Soft
Rock. Soft rocks can produce various changes of physical, chemical, and mechanical properties when encountering water, which is among the most important factors affecting rock strength, and rock strength reduction has been the chief technique problem controlling the stability of surrounding rock in underground engineering. In the field of mining, coal mine tunnel traverses mostly soft rocks' strata and its water stability is poor. Under high temperature, high stress, and high pressure conditions, the softening property of soft rocks is more obvious [7] . And, water-induced strength softening effect has been analyzed based on correlation between water content and rock mechanical properties including UCS and modulus of elasticity [14, 18, 24, 25] . The test results in our studies reveal that the cohesion and internal friction angle of the natural Zigong argillaceous siltstone are larger than those of the corresponding saturated rocks (Table 2) . Therefore, the presence of water in rock samples can be concluded to weaken the shear strengths of the red-bed soft rock. And its deformation decreases from highly weathered to moderately weathered. Water often plays a key parameter in the water-weakening to cause the reduction of rock strength [10, 16, 22] . Risnes et al. (2003) studied the water-weakening effect on chalk. They performed compressive tests and Brazilian tests revealing that the variations in mechanical strength are correlated with the activity of water in the brines. They observed a linear trend between reduction of water activity and the corresponding increase in strength [26] . In addition, Zhou et al. (2005) ran a series of tests to obtain the mechanical property of silt mudstones in different saturation times (1 month, 3 months, 6 months, and 12 months) and drew a conclusion that the uniaxial compressive strength, cleave tensile strength, and shear strength conformed to an exponent curve after different saturated time on which the point in 6 months was the critical time for mechanical properties changing from gradually declining to stable state [10] .
According to the results of the above mechanical tests, water and degree of weathering both have great effect on the mechanical properties of the red-bed soft rock. Aiming at rocks with different degree of weathering and saturation condition, rocks often exhibit a big difference in mechanical characteristics. In general, rock strength is larger with a lower weathering degree and moisture contents. Of course, some researchers have also studied the effect of water on rock strength and internal structure. First, the presence of water can reduce uniaxial compressive strength (UCS) in many sedimentary rocks and even some metamorphic rocks experimentally [13, 16] . Water can influence significantly the compressive strength and deformability of rocks, even though the water contents of rocks are not high for the natural and saturated rocks. And the reduction of strength by water content is found to be related to a reduction of friction angle and cohesion in the Mohr-Coulomb failure criterion. Li et al. (2012) thought the critical factors influencing rock strength and stiffness include material factors, such as constituent mineral composition, porosity, anisotropy, and discontinuity, and environment factors such as water content, temperature, and confining pressure [12] . Besides, it is quite difficult to evaluate and correlate these influencing factors by using only one index. So the paper also analyzed the microstructure and material composition for the above tested rock samples to study the water-softening mechanism and the influence of weathering degree.
Water-Softening Mechanism.
The Zigong argillaceous siltstone is a sedimentary rock and is mainly composed of silt particles. With the help of scanning electron technique, the microstructures of fracture surfaces were determined for the above four typical rock samples ( Figure 9 ). According to the microstructures' results, the natural red-bed soft rocks with different degree of weathering present a slab structure, and the phenomenon of the moderately weathered is more obvious that the fracture surface of the fragment is blocky with regular edges (Figures 9(a) and 9(c) ). As shown in Figures  9(b) and 9(d) , the Zigong argillaceous siltstone shows good water permeability performance and the rock shows granular structure at a magnification of ×70 and ×100.
The differences of microstructure are obvious for the above typical rock samples with different conditions. According to mechanical tests, the shear strength of the triaxial test is bigger than the direct shear test. The possible reason was that the existing of the confining pressure ( 3 ) improves the loose structure of the highly weathered argillaceous siltstone as observed in Figure 9 (a). When encountering water to saturation condition, there are big differences between natural and saturated rocks. For example, the fracture surfaces of the natural argillaceous siltstone are smoother and the shape of the fragment is more irregular than the saturated rock. Combined with the microstructure imageries, the phenomenon of water swell occurred in the saturated rocks. Figure 9 can help explain the cause of the change in the strength parameter that there are remarkable differences with its different water content and degree of weathering for the argillaceous siltstones. For the saturated rock, the fracture surfaces show the irregular scatter of silt particle because these soluble materials dissolve in the water leading to loosening of the structure. For the triaxial compressive test, the original loose structure became compact structure with the aid of the confining pressure 3 (Figure 9 (a)); therefore, the shear strength parameters are bigger than the direct shear test for the highly weathered argillaceous siltstone. Combined with Figure 9 , the monolithic turned into pieces and the fracture surface produced some microscopic pores for the saturated rocks. Changes in microstructure eventually lead to reduced density, development of the pore system, and increased degree of argillation. As reported in literature [2, 11, 20, [27] [28] [29] [30] , it can be inferred that the changes in microstructure may be an important reason for rock softening and deterioration. From the above analysis, the argillaceous siltstone is sensitive to water, likely because the rock contains some clay minerals and soluble materials. According to Figure 10 , the content of silica (SiO 2 ) is the highest in all oxides, accounting for about 60%, which indicates that the argillaceous siltstone contains many complex clay minerals, primary silicate minerals, and free silica. Besides, for the moderately weathered argillaceous siltstone, calcium oxide (CaO) and alumina (Al 2 O 3 ) account for about 10% and 9%, respectively, (as shown in Figure 10(b) ), which prove that there are a lot of carbonates and complex clay minerals in the red-bed soft rock. Comparing with Figure 6 (b), its content of calcium oxide (CaO) and alumina (Al 2 O 3 ) is very different from Figure 6 (a), which indicates the content of clay minerals is higher, and the carbonate content is obviously decreased in the highly weathered argillaceous siltstone. The increase of clay minerals makes it more sensitive to water than the moderately weathered argillaceous siltstone.
With the aid of pore water pressure, the water can change the characteristics of clay mineral constituents of the red-bed soft rock. When encountering water, these soluble materials of rock samples can easily dissolve in the water which will cause the microstructural change and the reduction of strength parameters. Therefore, some internal materials dissolved in the water which may be the reason why the slab structure becomes granular structure for the microstructure images.
Many researchers thought the existing pores and clay minerals in the microstructure are the strength weakening reasons of soft rock affected by water [10, 11, 16] . The mechanical tests' results show that the shear strength parameters of saturated rocks mass reduced significantly, mainly because water can decrease frictional shearing resistance or change the characteristics of clay mineral constituents of the redbed soft rock. Therefore, it is necessary to study the physicalchemical softening effect on microstructure and material composition in the future. By analyzing the microscopic mechanism of water-rock interaction, the difference of rock internal microstructure is the main reason for influencing the water-softening properties, and the soluble oxides such as CaO, K 2 O, and Na 2 O, are another reason. The Zigong argillaceous siltstones underwent significant changes in microscopic morphology after saturation condition. Due to mineral leaching induced by physicochemical reactions including water flow, water leaching, and other water chemistry reactions, microstructural changes of the Zigong argillaceous siltstone are the main reason of water-softening.
Similar results of water-weakening effect have also been reported by some researchers [13-16, 21, 25, 26] on different kinds of rock such as clay-bearing rock, granite, chalk, shale, sandstone, and gypsum. Some studies have revealed that the loss of strength is most pronounced in clay-rich rock due to softening and expansive effect of hydrated clay [5, 10, 15] . Despite the fact that the harmful effects of water on different types of rock have been investigated extensively, the corresponding fundamental mechanism of water-induced strength reduction and deformability is still not very clear [14] . Compared with all test results of the natural and saturated argillaceous siltstones, the results of the work indicate that the increase of moisture content of the Zigong argillaceous siltstone leads to water interacting with mineral surfaces and altering the microstructure properties, which is the two main reasons for strength reduction.
Conclusions
The mechanical tests have been successfully conducted on thirty-six argillaceous siltstone rock samples, in which twenty of them were highly weathered, while sixteen of them were moderately weathered, both including natural and saturation conditions. The UCS of highly weathered rocks were about 6.87 MPa and 3.13 MPa, while that of moderately weathered were about 20.46 MPa and 11.86 MPa for the above two conditions. The shear strength of four typical rocks has also been obtained. From the present study, the direct shear strength generally reduced with increasing water content and degree of weathering; meanwhile, the deformation of the redbed soft rock has correlation with the weathered degree.
Present experimental studies have proved that water can influence the uniaxial compressive strength and shear strength of the red-bed soft rock, particularly for highly weathered argillaceous siltstone. The experimental results reveal the mechanical properties are correlated with the physical properties of tested rocks. Water can change not only rock microscopic structure morphology but also its internal material composition. When contacting with water, water will interact with mineral surfaces and alter their surface properties; therefore, the existing soluble materials are the reason for the difference of microstructure characteristics. By observing the surface morphology and pores, the change of microstructure can cause rock instability along weakness planes and decrease rock strength parameters. And high moisture content can also decrease durability and hardness of rock specimens.
Experimental results show that the microstructure characteristics can reflect rock strength well. In addition, the water-softening effect is obvious especially for the redbed soft rock with higher degree of weathering, so special attention should be paid to the practical engineering when encountering groundwater or rainfall. The most important conclusion that can be drawn from this study is that the changes of the microstructure and material composition seem to be the key parameters in the water-softening mechanism. Therefore, the changes of microstructure and material composition are the main reason for the reduction of rock strength parameters.
